The resistance of the animal body to the injury caused by those bacterial agents which produce powerful exotoxins is commonly held to be the best understood of the various immune reactions. The toxins themselves, entirely free from the presence of the bacteria which produce them, are capable of eliciting all of the symptoms of the natural disease, and, as in the disease itself, death or recovery may ensue according to the quantity of toxin administered. Further, these toxins, being atitigens by definition, will, under suitable conditionis, stimulate the production in the body of antitoxins capable of neutralizing specifically the ability of the same toxins to cause injury,-a neutralization which takes place in the test tube with almost mathematical precision and with the stolchiometric relationships of other chemical reactions. The toxins can be altered chemically, as for example by formalin, to a degree resulting in loss of ability to injure the body, while they still retain the original property of stimulating antibody production against the unaltered toxin. This last property provides the Public Health official and the physician with some of the most useful of tools for the prevention of disease, the practical value of which is now attested beyond a reasonable doubt.
It is a remarkable fact, however, that within this skeleton of definite information, there exists a mass of tradition in regard to certain details, accumulated over a period of many years, but founded either in uncontrolled experiment or in faulty observation. Many of these beliefs are held with a tenacity reminiscent of superstition, and are frequently responsible for actively retarding sound experimental advance.
Chief among these are the various dicta surrounding the laboratory preparation of toxins. For many years a perpetual source of difficulty to producers, certain statements in connection with 1 Aided by a grant from the Commonwealth Fund.
this process have been made so often, and with such great authority by so many workers that the absence of experimental support is no longer a source of concern. It would be simple to enumerate several of these rather fanciful beliefs, such as the one that potent toxin cannot be produced in summer,-probably explainable by the fact that hot weather is not conducive to human endeavor. The only one with which we propose to deal in this communication, however, is the old tradition that toxin cannot be produced wJithout peptone, and the more recently drawn corollary, even if it ran be produced uithout peptone, it is no good.
The former statement had become so ingrained in the minds of all bacteriologists, up to a few years ago, that the mere suggestion that diphtheria toxin, for example, might be obtained on a chemically defined medium was considered ridiculous. Peptone had always been found necessary; therefore, it was essential. Directing attention to the fact that growth of the organism had never been obtained without peptone resulted only in further statements that growth and toxin did not parallel each other (which is true) and that even if it were possible to grow the diphtheria bacillus on a peptone-free medium, no toxin would be obtained. Through the fortunate combination of Pappenheimer's (1) work on toxin, and, experiments reported from this laboratory on growth (2), it was eventually possible to correct these erroneous impressions, and to demonstrate clearly that diphtheria toxin was a metabolic product of the growth of the bacteria under certain chemically controlled conditions (3) .
Almost inevitably, then, the ability of the toxin, produced in this unorthodox manner, to behave like ordinary toxin was questioned. In particular, the competence of toxoid prepared from it to behave as an effective antigen was considered extremely doubtful. Even the fact that in toxicity and in antitoxin combining power it was considerably superior to the average material previously available, was held to be a disadvantage. Every manufacurer had seen toxin of an extremely low grade of potency produce antitoxin of astronomical proportions in horses,-or at least in one horse, whereas stronger toxins had often given poor results. Therefore, it was argued, since hydrolysate diphtheria toxin was relatively powerful, it would be a poor antigen. The general line of reasoning apparently questioned the fact that the toxin (or toxoid) was itself the antigen and suggested that the property of antigenicity resided primarily in some substance other than the specific poison.
Since there was no great urgency connected with the establishment of the inaccuracy of such a belief, as far as diphtheria toxoid was concerned, there seemed to be no point in carrying out elaborate experiments to establish the facts. The so-called "hydrolysate" toxoid has gradually come into production and use in certain localities, and there has been no evidence, so far as the writers are aware, of any lack of efficacy.
More important at the present time is the fact that the identical situation has now been transferred to the problem of tetanus toxoid. Employed on a tremendous scale for military immunization, its initial preparation on the traditional media containing Witte's peptone has had to be modified because of the presence, in that brand of peptone, at any rate, of a substance inducing severe anaphylaxis in certain individuals (4 to 6). Other varieties of peptone are still considered admissable, largely because no serious accidents have thus far been reported following their use. By their very nature as large fragments of protein, containing various enzyme residues and complex tissue components, their widespread use in man might well be avoided, provided the desired end may be reached without them.
These considerations have persuaded the writers to attempt the production on peptone-free media of tetanus toxin for conversion to toxoid for human use. A measure of success has attended these efforts (7 to 9), and it appears at this time to be worth while reporting a series of controlled experiments, designed to compare the antigenicity of hydrolysate toxoid with that of peptone toxoid. It seems to be a matter of some urgency that the facts in connection with this matter should be determined with accuracy and the subject definitely removed from the realm of mere speculation.
It is unfortunate that there is not at this time a tetanus toxoid which has been established as a standard in the United States. Since, however, all tetanus toxoid on the market or supplied to the military forces has been check tested at the Division of Biologics Control of the National Institute of Health and has been found to pass their minimum requirements, it would appear that specimens which have been distributed by a number of commercial producers to the trade or to the Army should constitute a reasonable standard with which a series of hydrolysate toxoids might be compared.
Proceeding on this assumption, we have obtained a number of lots of tetanus toxoid, representing products of several manufacturers, through the courtesy of the Office of the Surgeon General of the Army. The antigenicity of these toxoids 6 weeks, the animals were bled from the heart, the individual sera separated and titrated for the antitoxin level. An occasional pig died as a result of the bleeding, but all others were injected, usually 48 hours later, with a massive (1000 MLD) dose of standard tetanus toxin (National Institute Lot H3), and the subsequent presence or absence of symptoms or time of death noted. The results are tabulated in Tables I, II , and III. DISCUSSION An inspection of the above data shows, in the first place, the tremendous individual variations among guinea pigs in ability to respond to identical stimuli. Tetanus toxoid is reputedly a relatively poor antigen when given initially, presumably because it represents a completely new experience for the tissue cells. Evidently, in certain animals, there is almost no antitoxin produced, while in others, the response is considerable. Assuming this to be an inherent vital property, it becomes problematical to what extent the differences indicated in the tables, between the commercial toxoids A and F, for example, demonstrate an actual dissimilarity in antigenicity of such magnitude.
If it were possible to obtain a genetically pure strain of guinea pigs with considerably greater uniformity of response, more significant comparative estimates would be possible. The only such strain now available, the so-called "Connaught," was employed in the test on hydrolysate AO quoted in the table, and in a repeat test on lot Z. The latter resulted in antitoxin titers of < 0.001, > 0.001 < 0.01, > 0.001 < 0.01, > 2.5 < 5.0, > 0.5 < 1.0, and > 2.5 < 5.0, with a pool of 0.5 units per cc. It is therefore apparent that these guinea pigs, also, differ in their ability to respond, and would be no more satisfactory than a mixed stock.
On toxoids free from, and those containing, peptone. In other words, the theoretical aspect of the question, outlined in the introduction, appears to be born out. If the presence of "peptone," by which is meant relatively large, possibly non-diffusible fragments of protein, supplies and adjuvant effect on antigenicity, it must be a relatively feeble one.
